The objective of the research was to characterize the qualitative and quantitative changes in ground and tree vegetation within 10 years since the beginning of observations at Level II forest monitoring plot in Valgunde. Tree height, diameter, stem volume, radial increment, crown condition and cone yield were determined, as well as crown projective cover of each plant species was estimated. To study bioindication, the average Ellenberg's and Düll's indicator values for the monitoring plot were estimated. Species composition in the Level II monitoring plot in Valgunde is typical for Myrtillosa forest type -there is a distinct moss layer, in which Hylocomium splendens and Pleurozium schreberi predominate, and Vaccinium myrtillus is the most common in the herb layer. Shrub layer mainly consists of spruce seedlings, and the tree layer -of Scots pine. Changes in vegetation over 10 years are insignificant. It can be explained with no forest management activities occurring within the observation plot, such as logging or fertilization, and it may take a longer time to observe significant changes. Tree stand indicators correspond to the average in Latvia in Myrtillosa type forests, but the tree volume is higher in Valgunde monitoring plot.
Introduction
Forests in Latvia cover 3.2 million hectares of land or 52% of the country's territory and standing wood volume is 631 million m 3 (Zemkopības Ministrija, 2017). The growth of trees and crown condition are key ecological parameters of forests, and thus highly important indicators of forest condition. Ground vegetation is another important component of forest ecosystems. A long-term study of vegetation changes helps to provide information on the status of forest organisms and environmental variables. Forests are greatly dependent on climate and numerous studies show that any change in abiotic factors can lead to considerable changes in biodiversity (Nordin et al., 2005; Lindner et al., 2010; Bell et al., 2016) . Growth and composition of vegetation are affected by many climatic factors -precipitation, light, temperature, relative humidity and wind. The possible negative effects on forests caused by climate change are spread of diseases and disappearance of native species, loss of needles or leaves, deforestation and soil degradation as a result of changes in pH, organic content and bacteria content. The overstorey trees have an impact on the ground vegetation through shading and regulation of the nutrient levels and moisture (Kuusipalo, 1985; Barbier et al., 2008) .
During the last century the average annual temperature in Latvia has risen by 0.8 -1.4 °C, the amount of precipitation has increased, but periods of snow and ice cover are shorter. There is a slight increase in forest fire danger and net primary production, as well as considerable increase in frost events after budburst and spruce bark beetle attacks (Bergh et al., 2010 ; Camia, Amatulli, & San-MiguelAyanz, 2008; EEA, 2005). The effect of winterspring temperature on tree-ring width of European beech (Fagus sylvatica) and European larch (Larix decidua) has lost significance, suggesting a successful acclimation of stands growing northwards from their natural distribution in western Latvia (Jansons et al., 2015a) . Studies of tree-ring width and mean area of early-wood vessel lumen of red oak (Quercus rubra) suggest that climate warming would increase vessel lumen area and result in a risk of embolism and xylem dysfunction (Matisons et al., 2015) . An increase in temperature burdens formation of tree-rings of hybrid poplars (Populus balsamifera × P. laurifolia) and hybrid aspens (Populus tremuloides × P. tremula) (Šēnhofa et al., 2016) . The influence of climatic factors on Scots pine height increment has changed. In western Latvia, the effect of temperature in preceding September and November has become significant, whereas in east the effect of temperature in October has become the main factor affecting height increment (Jansons et al., 2015b) . Due to climate change, the influence of precipitation amount on radial growth of Scots pine can increase, but the influence of mean air temperatures in winter will decrease, and Scots pine may become precipitation-amount limited in Latvia (Elferts & Jansons, 2012) .
ICP forests (the International Co-operative Programme on Assessment and Monitoring of Air Pollution Effects on Forests), in cooperation with the European Commission, monitors the forest condition in Europe using two different monitoring intensity levels. The Level I monitoring is based on around 6000 observation plots on a systematic transnational grid of 16 x 16 km throughout Europe (Bārdule et al., 2009 ). An overall estimation of tree health condition is done there. The Level II monitoring in Europe was started in 1994 with an aim of carrying out an investigation on the effect of atmospheric deposition The objective of the research is to characterize qualitative and quantitative changes in the forest ground and tree vegetation within 10 years since the beginning of observations in Valgunde plot. The general hypothesis is that changes in the forest ground vegetation are insignificant, whereas tree growth (increment) corresponds with the average indicators in similar growth conditions.
Materials and Methods
The Level II observation plot in Valgunde is rectangular (40 x 60 m) with a total area of 2400 m 2 . The plot is divided into sections of 100 m in order to characterize the ground vegetation. In order to observe changes in species cover, vegetation was assessed in 2 ways: (1) In surrounding areas, a 10 m wide unrestricted buffer zone has been established where samples are taken for several monitoring subprograms, such as precipitation, tree increment etc. Next to the tree stand observation plot, a 40 x 30 m large soil observation plot has been established. According to national soil classification, soil in terrain elevations of Valgunde plot is a typical podzolic sandy soil, but in declines -peaty podzolic gley soil. According to the FAO classification system, the soil type corresponds to Haplic Arenosols. It is coarse-textured, weakly developed soil.
Ellenberg's indicator values (EIVs) are commonly applied in Europe as bioindicators of primary environmental traits: light, temperature, continentality, moisture, soil pH and fertility (Szymura et al., 2014 ). Ellenberg's indicator values range from 1 to 9 (Table  1 ). Ellenberg's indicator was initially developed for herb species in the United Kingdom, but it can be extended to other regions.
The value of a specific environmental factor at a specific site is estimated by using arithmetic means of the indicator values for this factor of all species (Ter Braak & Barendregt, 1986). EIVs are calculated by weighted average formula (Sürmen et al., 2014) : (1) where r ij is the response of species i in sample plot j, x i is the indicator value newline of species i.
EIVs used in this study are approximated for Russian Federation (Czerepanov, 1995; Ignatov & Ignatova, 2003 Tree growth measurements were carried out according to internationally accepted methodology (ICP Forests Manual on Estimation of Growth and Yield). Tree diameter was measured at 1.3 m height. Tree growth measurements (height, diameter and crown projection) were done for 60 selected trees. Tree height measuring sites were marked with stakes at a 20 m distance from the particular tree. Tree crown projections were estimated in four directions -N, E, S, W.
In order to measure tree radial increment, 15 manually readable tree increment bands were set up. Bands were placed randomly throughout the observation plot, including trees of Kraft's classes 1, 2 and 3. Measurements of tree increment bands were read systematically once in every 2 weeks.
To estimate tree canopy status 60 trees of Kraft's classes 1, 2 and 3 were randomly selected by dividing observation plot into 24 squares and by selection of 2 to 3 trees of each Kraft's class in every square. Defoliation in the first third or the whole canopy, dechromation, tree damages and cone yield of the observation plot trees were also measured and Kraft's class of the tree was determined. Defoliation is a loss of needles/leaves within the assessed canopy and it is the main indicator of tree health status. It is determined irrespective of the cause. Defoliation is evaluated in 5% classes. These classes are: 0 (no defoliation); 5 (defoliation > 0 -5%), 10 (defoliation > 5 -10%) etc. Cone yield is divided in 3 classes (1 -no yield, 2 -medium yield, 3 -good yield). Splitting of class 1 in subclasses (1.1 -cones are not observed, 1.2 -only a few cones have been observed) was started from 2014.
Results and Discussion
Vegetation in the observation plot is typical for mesotrophic pine forests -it has a distinct moss content and a herb layer. A few Norway spruce and oak seedlings (< 50 cm) are found in shrub and herb layer, but the tree layer mainly consists of Scots pine. In forestry, bioindication with the mean values of EIVs has been used to assess the site productivity (Bergès et al., 2006) and to predict herb biomass production (Axmanová et al., 2012) , water relationships in soils (Häring et al., 2013) and atmospheric deposition (Dobben et al., 1999) . Some studies suggest that bioindication can perform better than instrumental measurements and predicts plant species occurrence more accurately (Dupré & Diekmann, 1998; Jarvis et al., 2016) . Plants used for bioindication are supposed to illustrate relevant environmental factors for them over time, while measurements provide snapshots and depend on choices of the researcher -sampling, analytical methods and choice of measured factors.
According to Ellenberg's scale indicator values obtained from our study (Table 2) , herb layer vegetation grows in semi shade, temperature is between alpine and temperate, continentality value is intermediate, soil is moist and acidic, but nitrogen content is low. According to our calculated EIVs, the temperature increased in 2009 and slightly decreased in 2012; continentality value decreased by 1 in 2012. Moisture value also has slightly changed over years -in 2009 it increased by 0.6 and slightly decreased in 2012. Nitrogen content also increased in 2009 and decreased in 2012.
Our calculated mean Düll's indicator values for light, temperature, continentality and reaction only slightly differ from the mean EIVs, while the mean value for moisture is higher by 3 units (Table 3) . There is no change in the mean Düll's indicator values over (Sarvas, 1962; Dreimanis, 1973; Laura & Bērziņa, 1978; Zviedre, 1985) . Flowering intensity is determined by meteorological conditions during bud differentiation in the previous vegetation period (Zviedre, 1985) , whereas female strobiles are negatively affected by frost in late spring , as well as strong wind and rain or continuous draught. Accessibility of water and nutrients also is an influential factor (Karlsson & Örlander, 2002) .
Radial increment was determined for 272 trees over the period of 11 years (2004 -2015) . The highest value of girth (perimeter) increment was 15.6 cm over 11 years and 1.42 each year. The average radial increment in 11 years was 1.11 cm and average annual increment was 0.1 cm. Tree radial increment was affected by meteorological conditions, tree age and genetic factors (Puriņa et al., 2014) . There was a reduction in tree radial increment over time. It is expected that tree annual radial increment will decrease even more in the next years due to increasing tree age and characteristics of the formation of the stem radial increment. Although radial increment of a tree is smaller, it does not mean it is growing slower -the increase in stem volume can be even bigger. It was found in the study that weather conditions can significantly affect measurement results due to swelling of bark after rainfalls.
Conclusions

1.
There are no significant differences between tree stand indicators in Valgunde observation plot and in Myrtillosa type forests in Latvia on average, therefore the observation plot can be used to characterize processes in pine stands of respective forests. 2. The tree health condition in the observation plot is good with a predominance of slightly damaged trees. There is a slight decrease in average defoliation, but the overall condition of tree crowns has not worsened over years. Only minor changes in cone yield were observed. 3. Changes in the ground vegetation are insignificant and species composition is typical for Myrtillosa forest type. 4. According to Ellenberg's and Düll's indicators, vegetation grows in semi shade, temperature is between alpine and temperate, continentality value is intermediate, soil is moist and acidic, but nitrogen content is low.
